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ABSTRACT — The possible presence of melatonin (N-acetyl-5-methoxytryptamine) was investigated in different tissues 
and organs of adult crickets by the use of reversed-phase high-performance liquid chromatography with fluorometric 
detection and radioimmunoassay. Melatonin was detected in the compound eye, antenna, ovipositor, palp, cercus, leg, 
wing, brain, ovary, digestive tube and Malpighian tube of the crickets, indicating that melatonin was very widely 
distributed in the crickets. The results suggest that melatonin in these organs might be involved in the local control of 
various aspects of rhythmic activity. 


INTRODUCTION 

Melatonin (N-acetyl-5-methoxytryptamine) was original- 
ly found in the vertebrate pineal gland, where its synthesis 
and secretion exhibit a diurnal rhythm with peak activity at 
night [1]. It is now widely accepted that the melatonin 
rhythm of the pineal gland mediates photoperiodic informa- 
tion [18]. Melatonin has also been found in extrapineal 
organs of vertebrates, such as the retina [9, 19, 24], the 
Harderian gland [19, 24], the gastrointestinal tract [5] and the 
brain [13, 17, 20]. However, the function of melatonin in 
these extrapineal organs remains to be elucidated. 

Recently, the presence of melatonin has been demons- 
trated in some invertebrate species including insects [22]. In 
insects, melatonin has been identified in the compound eye of 
the locust [23] and the head of the fruit fly [8] . However, the 
presence of melatonin in organs other than the compound eye 
or the head of insects has not yet been reported. The 
present study investigated the possible presence of melatonin 
in different tissues and organs of adult crickets, Gryllus 
bimaculatus , using reversed-phase high performance liquid 
chromatography (RP-HPLC) with fluorometric detection and 
radioimmunoassay (RIA). 

MATERIALS AND METHODS 

Animals and preparation of tissues and organs 

Adult crickets were maintained under a 12 h light- 12 h dark cycle 
(lights on at 06:00 a.m.) and ambient temperature of 24°C, with food 
and water ad libitum for a minimum of 1 week. The compound 
eyes, antennae, ovipositors, palpi, cerci, fore-, mid- and hind-legs, 
wings, brains, ovaries, digestive tubes, Malpighian tubes, and fat 
bodies were dissected from 20 adult females between 09 : 00 a.m. and 
12:00 noon. The tissues and organs were weighed and homoge- 
nized in 2.5 times their volume of ice-cold 0.1 M perchloric acid 
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containing 0. 1% ascorbic acid. After centrifugation at 12000 g for 
15 min at 4°C, the supernatant was extracted with 4 volumes of 
chloroform. The chloroform phase was washed twice with 1 ml of 
distilled water, evaporated and stored at — 80° C until RP-HPLC 
analysis. 

RP-HPLC analysis 

The tissue or organ extracts were dissolved in 50 fA of 30% 
methanol in a 50 mM ammonium acetate solution (pH 4.2) for the 
mobile phase of RP-HPLC. Aliquots of 20 jA of the solution were 
directly injected into the RP-HPLC system, which was equipped with 
a Superiox ODS S-5 jum column (4.6x150 mm) (Shiseido Co., 
Tokyo) and a RF-550 fluorometric detector (Shimadzu Co., Kyoto). 
The detector was operated at an excitation wavelength of 280 nm and 
an emission wavelength of 340 nm. The flow rate of the mobile 
phase was adjusted to 1ml /min and one-min fractions were col- 
lected. All separations were performed isocratically at 24°C. 
Melatonin and other indole standards were obtained from Sigma 
Chemical Co. (St. Louis, MO). 

RIA of melatonin 

Aliquots of RP-HPLC fractions were evaporated and dissolved 
in 250 fA of 10 mM phosphate buffered saline (pH 7.4) containing 1% 
bovine serum albumin. The melatonin content of each fraction was 
determined by RIA [11]. N-[2-aminoethyl-2- 3 H] melatonin was 
obtained from Dupont/New England Nuclear (Wilmington, DE). 
Anti-melatonin serum was provided by Prof. K. Wakabayashi, 
Gunma University. 

RESULTS 

Figure 1 shows a typical elution profile of various indole 
standard solutions; a peak of the melatonin standard 
appeared at 15.7 min and was clearly separated from those of 
the other indole compounds examined. Figures 2-7 show 
elution and RIA profiles obtained from the various organ 
extracts of the crickets by RP-HPLC and RIA. A peak of 
melatonin in the elution profiles was tentatively identified by 
comparison of the retention time with that of the melatonin 
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Fig. 1. RP-HPLC elution profile of various indole standards (250 
pg). For chromatographic conditions, see text. Peaks: 1) 
5-hydroxytryptamine (serotonin); 2) 5-hydroxyindole-3-acetic 
acid and 5-hydroxytryptophol; 3) N-acetylserotonin; 4) 5- 
methoxytryptamine; 5) 6-hydroxymelatonin; 6) 5-methoxyindole 
acetic acid; 7) 5-methoxytryptophol; 8) N-acetyl-5-methoxy- 
tryptamine (melatonin). 





Fig. 3. RP-HPLC elution profile (A) and RIA profile (B) of the 
antenna extracts of the crickets. 


standard as shown in Figure 1. A peak with the identical 
retention time to that of the melatonin standard was found in 
extracts of the compound eyes, antennae, ovipositors, brains 
and ovaries indicated in elution profiles of Figures 2-6. 
However, no peak with an identical retention time to that of 
the melatonin standard was detected in the fat body (Fig. 
7A). Peaks with identical retention times to those of the 
other indole standards were also found in the elution profiles 
obtained from the extracts of these organs. 

RIA revealed that the major immunoreactive peak at 
about 15.7 min corresponded to the endogenous melatonin 
detected by RP-HPLC, although the peak was broad in some 
extracts and minor peaks sometimes appeared in the neigh- 
borhood of the major peak (Figs. 2-6). The retention time 
obtained by RP-HPLC and the immunoreactivity detected by 
RIA confirmed that the peak observed at 15.7 min was due to 
melatonin. Thus, it was demonstrated that melatonin is 
present in the compound eye, antenna, ovipositor, brain and 
ovary as shown in Figures 2-6, and in addition, in the palp, 
cercus, legs, wing, digestive tube and Malpighian tube, 
although the elution profiles obtained are not shown. Table 
1 shows the melatonin content (pg/ cricket) and concentration 

Fig. 2. RP-HPLC elution profile (A) and RIA profile (B) of the 
compound eye extracts of the crickets. Arrow head in (A) of 
Figs. 2-7 indicates the elution position corresponding to the 
melatonin standard. The dotted line in (B) of Figs. 2-7 indi- 
cates the detection limit of RIA (1.60 pg/100 /d). 
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Fig. 4. RP-HPLC elution profile (A) and RIA profile (B) of the 
ovipositor extracts of the crickets. 



Fig. 6. RP-HPLC elution profile (A) and RIA profile (B) of the 
ovary extracts of the crickets. 





Fig. 5. RP-HPLC elution profile (A) and RIA profile (B) of the Fig. 7. RP-HPLC elution profile (A) and RIA profile (B) of the fat 
brain extracts of the crickets. body extracts of the crickets. 
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Table 1. Melatonin Content and Concentration in Different 
Organs of the Adult Cricket 


Organ 

Content 
(pg /cricket) 

Concentration 
(pg/g wet tissue) 

Compound eye 

5.43 + 1.15 

263.48 + 49.25 

Antenna 

2.20 + 0.25 

457.50 + 84.30 

Ovipositor 

1.91 + 0.18 

240.18+38.81 

Palp 

2.66 + 0.50 

122.27 + 16.54 

Cercus 

2.03+0.32 

189.44+27.78 

Fore-leg 

1.88 + 0.10 

117.32 + 24.25 

Mid-leg 

2.15 + 0.21 

104.29+ 7.19 

Hind-leg 

2.51+0.43 

37.47 + 11.42 

Wing 

1.14 + 0.19 

104.98+ 9.78 

Brain 

1.61+0.10 

83.12+ 7.97 

Ovary 

1.91+0.09 

30.08+ 2.14 

Digestive tube 

1.70 + 0.17 

20.75+ 4.48 

Malpighian tube 

2.21 + 0.06 

154.68 + 14.48 


Each melatonin content and concentration were calculated by 
collecting the immunoreactivities of fraction No. 15-17 in the 
elution profiles obtained. Values are expressed as means and 
SEM derived from three separate experiments. 

(pg/g wet tissue) calculated from the RIA profiles obtained 
from various organs of the crickets. The concentration in 
the sense organs, such as compound eye, antenna, ovipositor, 
palp, cercus, fore- and mid-legs, were usually higher than 
those of ovary and digestive tube. 

Immunoreactive melatonin was unexpectedly detected in 
the fat body (Fig. 7B), although no peak of melatonin was 
observed in the elution profile obtained from the fat body 
(Fig. 7A), and its level was close to the RIA detection limit 

(1.60 pg/ 100 ju\). 

DISCUSSION 

The present study gives clear proof of the presence of 
melatonin in different organs of adult crickets (Figs. 2-6 and 
Table 1). The proof of the presence of melatonin was 
obtained by two different methods, RP-HPLC with 
fluorometric detection and RIA. Since fluorometric detec- 
tion is quite selective and highly sensitive for indole com- 
pounds [14], RP-HPLC with fluorometric detection is well 
suited to analysis of melatonin or other indole compounds in 
tissue and organ extracts of insects. However, the major 
immunoreactive peak at about 15.7 min was broad in some 
extracts, and weak immunoreactivities were observed at 
positions which differed from that of the melatonin standard 
(Figs. 2-6). This indicated that some chemical compounds 
or indoles other than melatonin in the crickets might interfere 
with its detection by RIA. Therefore, the melatonin content 
and concentration in the crickets was determined by collect- 
ing only those fractions corresponding to the melatonin peak, 
excluding all other fractions. 

Melatonin in insects has previously been identified in the 
compound eye of the locust [23] and the head of the fruit fly 


[8]. The results obtained in the present study were consis- 
tent with these previous reports and revealed the presence of 
melatonin in other organs of the crickets. Melatonin in 
these organs is considered to be due to endogenous synthesis 
or uptake from a circulating pool. Activity of N- 
acetyltransferase, a key enzyme controlling melatonin synth- 
esis in vertebrates, has been found in the brain of the fruit fly 
[6]. This suggests that melatonin may be synthesized in the 
brain of crickets. However, N-acetyltransferase activity in 
organs other than the brain is still unknown in insects. The 
peaks at about 2.3 and 4.3 min in the elution profile, as shown 
in Figures 2-7, corresponded to serotonin and N- 
acetylserotonin, respectively, the precursors of melatonin in 
vertebrates. This suggests that these precursors are also 
probably present in the melatonin-containing organs of the 
cricket and that melatonin may be synthesized in these organs 
via the same pathway as in vertebrates. 

Several reports of the detection of melatonin in different 
organs of vertebrates have been published, as described in the 
Introduction. The functions of melatonin in extrapineal 
organs remain unknown. Several papers suggest that the 
extrapineal organs of vertebrates also exhibit diurnal rhythms 
associated with melatonin [17, 21, 25] or N-acetyltransferase 
activity [3, 4, 9]. Retinal melatonin has been supposed to 
play a role in circadian regulation of retinal physiology, such 
as pigment aggregation in the pigment epithelium [16] and 
shedding of outer segment discs [2]. In addition, gastroin- 
testinal melatonin has been considered to inhibit gastrointes- 
tinal motility [10] and sodium absorption in the colon [15]. 
Based on these studies on vertebrates, we suggest that the 
melatonin-containing organs of the cricket may rhythmically 
synthesize melatonin, which may be involved in the local 
control of various aspects of rhythmic activity. It is also 
likely that melatonin in these organs is released into the blood 
and contributes to maintaining the melatonin levels in the 
systemic circulation, as has been proposed by Huether [12]. 

Melatonin was detected in various sense organs of the 
crickets, such as the compound eye, antenna, ovipositor, 
palp, cercus, fore- and mid-legs (Figs. 2-4 and Table 1) and, 
moreover, the melatonin concentrations in these sense organs 
were higher than those in ovary and digestive tube, as shown 
in Table 1. Sense organs are known to react directly to light, 
temperature, sound, touch, airmovement, chemical subst- 
ances, etc. Melatonin inhibits the release of dopamine in 
rabbit retina [7] and rat hypothalamus [26]. Therefore, 
melatonin may modulate the activity of sensory cells and the 
transmission of signals from sensory cells to the central 
nervous system by influencing the release of neurotransmit- 
ters. Melatonin was also detected in the brain of the crickets 
(Fig. 5). From these facts, we might speculate that melato- 
nin is implicated in the reception, transduction, transmission 
and integration of environmental information. The signif- 
icance of the presence of melatonin in different organs should 
be further investigated. 
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